NRC INSPECTION MANUAL NMSS

I NSPECTI ON PROCEDURE 85402

MEASUREMENT PROGRAM

PROGRAM APPLI CABI LI TY: 2683

85402-01 | NSPECTI ON OBJECTI VE

The objective of this inspection procedure is to verify that the
i censee’ st material control and accounting (MC&A) program for a
Category Il fuel facility or uraniumenrichnment facility, includes
a nmeasurenent program that neets the appropriate regulatory
requi rements, includingthe stated general perfornmance objectives,
for the applicable type of facility.

85402-02 | NSPECTI ON REQUI REMENTS

Verify that thelicensee has i npl enent ed a neasur enment programt hat
ensures that all quantities of special nuclear material (SNM in
the accounting records are based on neasured val ues. The
i nspection activities will include the review of docunents and
procedur es pertaining tothe neasurenent programand t he eval uati on
of measurenents bei ng performed. The i nspector should reviewthe
fol |l ow ng:

02.01 Key Measurenent Points. Revi ew the key measurenent
points for thefacility, requiredto provide accountability data on
the quantity of SNMrecei ved, transferred, processed, and stored at
the facility, as described inthe facility’ s Fundanental Nucl ear
Material Control (FNMC) Plan and process flow diagrans.

02.02 Measur enent Techni ques and Equi pnent. Revi ew nmeasur enent
and sanpl i ng techni ques used, specifictothe material types being
measur ed.

'Her ei nafter, the termlicensee subsunmes theterm“certificate
hol der,” which applies inthe case of the gaseous di ffusion plants
(GDPs). Likew se, all certificate-relatedrequirenents, including
t hose i n GDP conpliance plans and corrective action conm tnments,
are subsuned under the term*“license.”
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02.03 Sanpling Procedures and Equipnent. Revi ew sanpl i ng
procedur es and equi pnent to ensure sanples are representative of
the material being neasured.

02. 04 Verification of Measurenment Capability. Eval uat e
performance of sanpling and neasurenments at selected key
measur enent points.

85402-03 | NSPECTI ON GUI DANCE

Gener al Gui dance

The i nspector shoul d verify that SNMval ues used f or MC&A pur poses
are based on neasurenents and that all reportabl e quantities of SNM
are nmeasured. The goal of the nmeasurenment programis to provide
measurenents that are as preci se and accurate as feasi ble for each
mat eri al type. The inspector should verify that the measurenent
program includes the capability to perform quantitative
determ nati ons of the uraniumand U-235 content in discreteitens
and bul k material. This capability nust include the capabilityto
measure the SNM content in (anong others) recei pt, shipnment, and
st orage contai ners; process material containers; scrap and waste
contai ners; tanks and process vessels; and material "hel d-up"” in
process systens.

To prepare for the inspection, the inspector shoul d:

1. Review those portions of the FNMC Plan and the license
conditions pertaining to the planned inspection activities.

2. Reviewthe previous two MC&A i nspection reports for the site.

3. Review any unresolved or followup itenms fromthe previous
i nspections to be addressed during the current inspection.

4. Review the content of any comunications (including
i nformation notices and bulletins) tothelicenseethat were
i ssued since the last inspection.

Speci fic Gui dance

03.01 Key Measurenent Points. The inspector should verify that
all key SNMneasur enment poi nts have beenidentified. These should
include, as amninmum facility receipts, shipnments, and materi al
on inventory. At each neasurenent point, the measurenent system
and the material types to be neasured should be described. The
description of each distinctive material type should include: (1)
| evel of honmpbgeneity; (2) matrix conponents; (3) physical state;
(4) chem cal and i sotopic conposition; and, i f nondestructive assay
(NDA) nmeasurenents are perforned, (5) adetail ed description of the
material's contai nment.

The neasur ement systemdescri ption shouldinclude: (1) the net hods
for sampling; (2) bulk-quantity (i.e., mass or volune)
determ nation; (3) the i sotopic abundance determ nation; (4) the
urani umand U- 235 assay and quantity determ nations; and (4) any
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ot her nmeasur enents used for accountability purposes. Descriptions
of each measurenent systemshoul d al so i nclude (1) a summary of the
sanpling and neasurenent techniques; (2) sanple aliquoting and
pretreatment techniques; (3) equipnent used; (4) range of
application; (5) standards used for calibration and neasurenment
control; (6) measur ement i nterferences; (7) measur ement
sensitivity; and (7) random and systematic error estinates.

The use of predeterm ned factors to estimte the quantity of SNM
should belimtedtothose situations wheretinely measurenents are
i npractical or true batch (lot) variability is less than the
measurenent variability. The factors nust be: (1) based on
measurenents; (2) nonitored; and (3) updated on a periodi c basis,
or when appropriate statistical tests indicate the need for
updati ng.

The i nspector should verify the foll ow ng:

a. Key SNMneasurenment poi nts of the MC&A systemare i dentified,
and the material flows at each measurenent point are
docunent ed.

b. Al neasurenent systens used to determ ne SNMaccountability
values are identified and their characteristics docunent ed.

c. Measurenent systens for perform ng measurenents (confirmatory
and verification) are provided for all SNMinventory itens.

d. Measurenent nmet hods for all SNMon i nventory are devel oped,
docunent ed, and nmi nt ai ned.

e. Direct or indirect neasurenent of process systemholdup is
made so t hat hol dup quantities can be used in determ ningthe
inventory difference.

f. Al liquid, solid, and gaseous waste streans are neasured, or
noni tored, for SNM content.

03. 02 Measurenent Techni ques and Equi pnent. The i nspector shoul d
verify proper i npl ementation of the measurenent procedures and use
of the neasurenment equi pnment. Approved measurenent procedures
shoul d be contai ned i n an establi shed and mai nt ai ned manual . The
revi ew shoul d determ ne whether the nmeasurenment techni ques and
equi pnment are satisfactory for the neasurenent application, and
whet her t he performance i s sati sfactory when conpared to accept ed
i ndustry standards.

Three general categories of neasurenents are used for nucl ear
mat eri al s accountability: (1) bulk and process neasurenents;
(2) NDA neasurenents; and (3) anal ytical | aboratory measurenents of
sanpl es. The destructive measurenent of sanples in an anal yti cal
| aborat ory generally provides accountability data regarding the
urani um and U-235 concentration of feed, process, and product
materi al s.
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Bul k and process neasurenents are performed by the production
systemoperator on |liquids or solids in process to determ ne the
quality, quantity, and flowrate of the process material. These
measurenents can incl ude:

a. The level, tenperature, volune, mass, and/or density of
i quids.

b. The wei ghts of containers.

c. Measurenent or nonitoring of gaseous, |iquid, and solid waste
streans to detect and quantify rel eases of material.

NDA neasur enments may be used for the measurenment of SNMcont ent of
waste materials or of material held up in the process. NDA
measurenents al so nay be nade to confirmthe val ues assigned to
process material in interimstorage and in other process system
contai ners. Dependi ng on the application, the NDA techni ques may
i nclude gamma-ray counting, high-resol ution gamma spectroscopy,
passi ve neutron counting, and active neutron interrogation.

The i nspector should review the precision and accuracy attained
with the i npl enented measurenent techni ques and equi pment versus
what is achieved at other facilities for simlar nmeasurenents.
Each measurenment procedure should include a di scussion of matrix
effects pertinent to the material bei ng nmeasured.

The i nspector should verify the foll ow ng:

a. An approved neasurenent procedures manual i s established and
mai nt ai ned.

b. Measurenent nethods that provide clear direction to the
anal ysts or operators, are docunented.

c. Internal audits of nmeasurenent practices ensure that
docunment ed nmeasurenent methods are foll owed.

d. Procedures for the preparation, review, revision, and
approval of the nmeasurenent procedures are docunented and
i npl enent ed.

e. Responsibilities for the preparation, review, revision, and
approval of measurenent procedures are defined.

f. Approval of neasurenent procedures i s provi ded by t he head of
the organization perform ng the neasurenent, the MC&A
manager, and the neasurenent control program nanager.

g. Measurenment procedures are not wused for accountability
pur poses wi t hout docunented approval.

h. Measurenent nmet hods used to provide the required | evel s of
preci sion and accuracy are qualified and vali dated.

i . Measurenent met hods for determ ning accountability val ues are
sel ected such t hat t he nagni t ude of the esti mat ed bi as and of
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uncertainty conponents pertaining to the standard error of
the inventory difference (SEID) are mnimzed for all
measurenents that are major contributors to the measurenent
uncertainty.

j. Responsibilities for the selection, qualification, and
val i dati on of measurenent nethods are defi ned.

k. For each neasurenent system systemspecifications, kinds of
mat eri al to be measured, operating environnent, and | evel of
preci sion and accuracy are docunent ed.

| .  Measurenent equi pnment and instrumentation are capabl e of
meeting manufacturer's specifications under operating
condi tions.

m  Engi neeri ng anal yses and eval uati ons are perforned for the
design, installation, pre-operational tests, calibration, and
operation of all nmeasurenent equi pnent or devi ces (i ncluding
sanpling equi pment on devices) used for determning or
verifying SNM accounti ng val ues.

n. Instrunmentation, sensitiveto gamma-ray or neutron radi ation
emtted by process-related materials, is naintained and
controlled to ensure that the equipnent is capable of
detecting specified amunts of SNM

0. The precision and accuracy of volune, tenperature, and
density neasurenents are determ ned and assured when such
measurenents are used for accountability purposes.

p. The accuracy and precision of measurenment nethods used to
verify or adjust inventory values are conparable to, or
better, than the original measurenent.

g. Measurenment nethods are available that can confirm the
presence or absence of a specific attribute of nuclear
materials on inventory.

r. The specific attribute to be measured by confirmatory
measurenents i s docunent ed.

03.03 Sanpling Procedures and Equi pnent. The inspector should
verify that, when sanpl es are taken fromnmaterial for anal ysis, the
sanple is representative of the parent material. I n general,
i quids must be thoroughly m xed and sanpling lines flushed to
ensure representative sanples. Procedures for sanpling |iquids
shoul d i ncl ude references to nm xi ng and sanpl i ng studi es t hat were
made to establish mxing tinmes and ensure adequate flushing of

sanple |ines. Procedures for sanpling solids should include
mul ti pl e sanpl i ng, bl endi ng, and sub-sanplingto ensure the sanple
represents the parent material. Procedures for sanpling solids

shoul d i ncl ude references to studi es that were made to establi sh
t he sanpling procedures.

Tests shoul d be perfornmed using well-characterized materials to
verify the applicability of m xi ng and sanpli ng procedures for SNM
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and to ensure sanple validity after transport and storage. I n
general, tests to verify the applicability of m xi ng and sanpling
procedur es need not be performed for: (1) any material that uses a
st andard sanpl i ng techni que as recommended by an Aneri can Soci ety
for Testing and Materials guide, Anerican National Standards
I nstitute standard, or regulatory guide, etc., provided the
sanpl i ng device i s asinple manual device and hi storical data exi st
t hat denmonstrate that the node in which the device is being used
produces an unbiased sanple; or (2) any material type that
contributes I ess than 500 grans of U-235 to the material bal ance.

The i nspector should verify the foll ow ng:

a. The sanpling procedure for each neasurenent nmet hod t hat uses
sanpling should be specified and docunent ed.

b. The esti mates of vari ance associ ated with t he sanpl i ng net hod
shoul d be docunent ed.

c. The provisions for retaining archived sanpl es are docunent ed.

d. The nunber of sanples and the size of the sanples required
for each neasurenent val ue (derived froma gi ven net hod) are
docunent ed.

e. Sanpling procedures are revi ewed annual | y or whenever changes
in material type or conposition occur.

f. A prescribed sanpling plan for each neasurenent net hod used
for accountability purposes, based on kinds of materials,
measur enent requi renents, and speci al process and oper ati onal
consi derations, is docunented and i npl enent ed.

g. A statistically valid sanpling plan is docunented and
i npl emented (i.e., nunber of sanples per process batch and
nunber of anal yses per sanple) for each neasurenment net hod
used for accountability purposes, and its basis.

h. The basis of the sanpling planis validated t hrough studies
of the materials or itenms being sanpl ed.

03.04 Verification of Measurement Capability. The inspector
shoul d independently verify the adequacy of the licensee's
measur enent program Most of the effort inthis area should focus
on neasur enment systens that either contribute significantly tothe
SEID for the plant material balance or neasure a significant
portion of the inventory or transfers during an inventory peri od.
However, each nmeasurenment systemused for accountability purposes,
irrespective of whether or not it is consideredto be a key system
must be eval uated i n sone manner. The primary measurenent systens
woul d usual | y warrant a conprehensi ve revi ew of systemdat a as wel |
as an eval uation using independent sanpling and analysis. The
remai ni ng measur enent systens nay only need a si npl e revi ewof data
generated by the system

The inspector nay elect to observe sel ected neasurenments being
perfornmed and to submt matrix sanples of known conposition for

85402 - 6 - | ssue Dat e: 07/ 22/ 99



measur enent. Requesting the operator to neasure standards, or to
re-measure material to confirmthe nmeasured val ue, can provi de an
i ncreased degree of confidence in the measurenent system
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